AIDS-related complications and mortality have decreased dramatically in the combination antiretroviral therapy (cART) era, but the risk of cardiovascular disease and other morbidities linked to chronic immune dysfunction and inflammation remains high [1] . Increased CD8 T-cell activation and inflammatory markers are associated with impaired CD4 T-cell recovery and excess mortality in ART recipients [1, 2] .
Systemic translocation of microbial products such as lipopolysaccharide (LPS) across a permeable gut mucosa may contribute to persistent inflammation [2] . Individuals with chronic human immunodeficiency virus (HIV) infection have increased circulating levels of LPS, LPS-binding protein (LBP), and soluble CD14 (sCD14), an LPS coreceptor [2] . ART decreases but does not normalize these levels [2] . Thus, an agent that decreases levels of LPS and its inflammatory consequences may improve clinical outcomes in HIV infection.
Sevelamer carbonate, a phosphate-lowering drug, decreases circulating LPS levels in patients with renal insufficiency, possibly by binding chylomicron-LPS complexes and preventing their reabsorption; in this population, sevelamer also reduces levels of sCD14, interleukin 6 (IL-6), C-reactive protein (CRP), and total and low-density lipoprotein (LDL) cholesterol [3] [4] [5] [6] . These effects may contribute to the decreased mortality risk observed in sevelamer-treated patients undergoing dialysis [7] .
Given the possible role of microbial translocation in HIVassociated inflammation and the potential for its reversal by sevelamer, we performed a single-arm, open-label clinical trial (AIDS Clinical Trials Group [ACTG] A5296), to test the hypothesis that 8 weeks of sevelamer treatment would decrease plasma LPS and sCD14 levels. We studied its effects in subjects who were not receiving cART because (1) sevelamer-cART interactions are unknown, (2) sevelamer might exacerbate tenofovir's phosphate-lowering effect, and (3) microbial translocation is more consistently elevated in untreated disease, increasing the likelihood of seeing an effect.
METHODS
Institutional review boards at each site approved the study. All subjects provided written informed consent.
Study Subjects
Eligibility criteria included ≥18 years of age, chronic HIV infection, no cART for ≥24 weeks, a plasma HIV RNA level of >50 copies/mL, and a CD4 T-cell count of ≥400 cells/mm 3 . Major exclusion criteria were recent severe illness, liver or kidney disease, pregnancy or breast-feeding, and use of immunosuppressive medications within 24 weeks of study entry.
Study Design
ACTG A5296 was a phase 2, single-arm trial. Subjects received 1600 mg of sevelamer carbonate orally 3 times daily for 8 weeks; each dose was administered 1 hour after meals to minimize dietary phosphate binding. Subjects were followed for 8 weeks after treatment was stopped. Two blood samples were collected 2-4 weeks apart before initiation of sevelamer treatment; the average of test results for both specimens, if available, were used for the baseline measurement. Blood specimens for the baseline measurements and at weeks 4, 8 and 6 were obtained after participants had fasted for ≥8 hours. Subjects underwent clinical evaluations, safety laboratory testing and blood sample collection and storage at these visits and at weeks 1, 2, 6 and 12. Serum specimens, EDTA-treated and citrated-treated plasma specimens, and peripheral blood mononuclear cells (PBMCs) were cryopreserved for batched assays.
Biomarker Analysis
Serum LPS levels were measured independently in the laboratory of one author (D. C. D.) for the primary analysis and in the laboratory of another author (M. M. L.) for confirmation, using the Limulus Amebocyte Lysate Kit (Lonza, Walkersville, MD) on serum diluted 10-fold in water (Sigma, St. Louis, MO). The absorbance of diluted serum was subtracted from the absorbances at assay completion. Levels of the following markers were measured by ELISA in accordance with the manufacturer's instructions: plasma sCD14, IL-6, CRP, interferon γ-inducible protein 10 (IP-10), interleukin 1β (IL-1β), soluble CD163 (sCD163), fetuin A, and soluble tissue factor (sTF; R&D Systems, Minneapolis, MN), LBP, endotoxin core immunoglobulin G antibody (EndoCAb), (Hycult Biotech, Plymouth Meeting, PA); D-dimer (Diagnostica Stago, Parsippany, NJ); and oxidized LDL (oxLDL) cholesterol (Mercodia, Uppsala, Sweden). 
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Statistical Analysis
The primary end points were the changes in LPS and sCD14 levels from baseline to week 8. Secondary end points included changes from week 8 to 16 in sCD14 and LPS levels and changes from baseline to week 8 and from week 8 to 16 in activated and cycling T-cell frequencies, biomarkers of systemic inflammation and coagulation, plasma HIV-1 RNA levels, CD4 T-cell counts, serum phosphate levels, and fasting lipid and glucose levels.
Signs and symptoms with a severity grade of ≥2 were analyzed. Primary and secondary as-treated analyses were limited to subjects who had data from baseline and week 8 and who received sevelamer therapy through week 8, to examine the biologic effects of sevelamer.
Median values were reported for baseline characteristics and primary and secondary end points. Frequencies and percentages were reported for categorical variables. Changes in primary and secondary end points were tested using the sign test. Results obtained using paired t tests were similar (not shown). Relationships among variables were assessed with Spearman correlations.
RESULTS
Forty subjects enrolled at 15 US sites between December 2011 and August 2012. Baseline characteristics are described in Supplementary Table 1 , and reasons for the ineligibility of 16 additional patients are described in Supplementary Table 2 . Four subjects were excluded from analysis: 1 initiated cART at week 7, and 3 missed key study visits. The baseline characteristics of included subjects did not differ markedly from those of excluded subjects. The median time since the first HIV-positive test result was 1084 days (IQR, 463-2737 days). Among 24 subjects for whom data were available, 5 previously received cART but stopped treatment ≥2 years before enrollment. Self-reported adherence to sevelamer therapy was high: at study weeks 4 and 8, 81% and 92% of subjects, respectively, reported having not missed >1 dose in the previous 4 days.
To test the hypothesis that sevelamer would decrease microbial translocation, we measured serum LPS and plasma sCD14 levels. LPS levels did not change significantly during sevelamer treatment or after its discontinuation ( Figure 1A and Table 1 ).
Results from the laboratories of 2 authors (D. C. D. and M. M. L.) were similar (data not shown). Plasma sCD14, LBP, and EndoCAb levels did not change significantly either during sevelamer treatment or after its discontinuation ( Figure 1B and Table 1 ). Thus, we did not find evidence that sevelamer treatment for 8 weeks decreased microbial translocation in HIVinfected subjects who were not receiving cART.
Because sevelamer decreases other markers of immune activation and inflammation in patients undergoing hemodialysis [4, 5] , we evaluated its effects in our population. The frequencies of activated (HLA-DR + CD38 + ) and cycling (Ki67 + ) CD4 and CD8 T cells did not change significantly during or after discontinuation of treatment. Similarly, levels of markers associated with cardiovascular events, poor recovery of the CD4 T-cell count, and/or mortality, including plasma IL-6, CRP, IL-1β, IP-10, sCD163, and fetuin A levels, did not change significantly during sevelamer treatment or after its discontinuation (Table 1) . To assess sevelamer's effect on coagulation, we measured sTF and D-dimer levels. The median sTF level decreased during sevelamer treatment, from 41.8 pg/mL to 37.7 pg/mL (P = .001), and rebounded after sevelamer therapy was stopped ( Figure 1C and Table 1 ). In contrast, the median D-dimer level increased during sevelamer treatment, from 184 ng/mL to 201 ng/mL (P = .03), and remained elevated after treatment cessation ( Table 1) .
Evaluations of the associations among biomarkers revealed that LPS, sCD14, and EndoCAb levels neither correlated with each other nor consistently with other biomarkers. However, levels of LBP, IL-6, and CRP, all acute phase reactants, correlated significantly with each other at all time points (data not shown). sTF and D-dimer levels were also associated at baseline Figure 1 . Sevelamer does not significantly change circulating markers of microbial translocation. A, Serum lipopolysaccharide (LPS) levels measured 2-4 weeks before initiation of sevelamer treatment, on the day of initiating treatment, after 4 weeks of treatment, after 8 weeks of treatment, and 8 weeks after cessation of treatment (week 16). B, Plasma soluble CD14 (sCD14) levels measured 2-4 weeks before initiation of sevelamer treatment, on the day of initiating treatment, after 4 weeks of treatment, after 8 weeks of treatment, and 8 weeks after cessation of treatment (week 16). C, Sevelamer decreases plasma soluble tissue factor (sTF) levels, which rebound after treatment cessation. Levels were measured 2-4 weeks before initiation of sevelamer treatment, on the day of initiating treatment, after 4 weeks of treatment, after 8 weeks of treatment, and 8 weeks after cessation of treatment (week 16). D, Sevelamer reduces oxidized low-density lipoprotein cholesterol (oxLDL) levels. oxLDL levels were measured 2-4 weeks before initiation of sevelamer treatment, on the day of initiating treatment, after 4 weeks of treatment, after 8 weeks of treatment, and 8 weeks after cessation of treatment (week 16). Shading indicates treatment period. Thin lines represent individual subjects over time. Thick red lines represents the median values at each study week. P values were calculated using the sign test. Abbreviation: NS, not significant. (r = 0.40; P = .01), week 4 (r = 0.37; P = .02), and week 16 (r = 0.37; P = .03) but not at week 8 (r = 0.19; P = .26). Because of sevelamer's lipid-lowering action in patients undergoing hemodialysis [4, 6, 7] , we examined its effect on fasting lipid levels in our subjects. The total cholesterol level decreased, but not significantly, during treatment and increased significantly after treatment cessation. LDL, non-high-density lipoprotein (HDL), and oxLDL cholesterol levels decreased during treatment (median change, −18 mg/dL, −12 mg/dL, and −7.3 U/L, respectively) and increased with treatment cessation (Table 1 and Figure 1D) . The ratio of the oxLDL cholesterol level to the LDL cholesterol level did not change significantly during or after treatment (data not shown), suggesting no change in oxidative stress [8] . The HDL cholesterol level, the ratio of the total cholesterol level to the HDL cholesterol level, the triglycerides level, and the glucose level did not change significantly.
CD4 T-cell counts did not change significantly during or after discontinuation of sevelamer treatment (Table 1) . Plasma HIV RNA levels did not change during treatment but increased significantly after stopping sevelamer therapy (P = .01). The slopes of the changes in plasma HIV RNA load during and after treatment were not statistically significantly different (P = .60).
There were no study discontinuations due to adverse events. Adverse events included hypophosphatemia (in 10 subjects), constipation (in 2), and diarrhea (in 1). Seven subjects received phosphate supplementation for levels of <2.5 mg/dL. One had a 2-week reduction in the sevelamer dose, for a phosphate level of 1.9 mg/dL at week 2. Three subjects had 4 episodes of grade 3 hypophosphatemia at study weeks 2, 8, 12, and 16. Serum phosphate levels did not change significantly between baseline and week 8 (median change, −0.10 mg/dL; P = .95) or between weeks 8 and 16 (median change, 0.10 mg/dL; P = .63).
DISCUSSION
Persistent microbial translocation has been postulated to contribute to inflammation, morbidity, and mortality in HIV disease. We performed a prospective clinical trial to measure the effects of sevelamer, which binds LPS in the intestine, on markers of microbial translocation, inflammation, coagulation, and lipids. In these untreated individuals with early stage HIV disease, we observed no effect on LPS level, sCD14 level, CD4 T-cell count, or viremia. Despite increasing D-dimer levels, sevelamer decreased LDL cholesterol, oxLDL cholesterol, and sTF levels, suggesting it may have net beneficial cardiovascular effects.
It is unclear why sevelamer decreased microbial translocation and inflammation in HIV-uninfected patients undergoing hemodialysis but not in our subjects. In patients undergoing hemodialysis, microbial translocation may result from intestinal edema and ischemia, pathogen overgrowth, and tight junction degradation [9] ; sevelamer may bind enough LPS in the intestine to prevent microbial translocation. In HIV-infected patients, additional contributors to microbial translocation may include mucosal CD4 T-cell depletion, decreased mucosal immunoglobulin A production, and impaired clearance of microbial products [2] , mechanisms that may be unaffected by sevelamer. Other potential explanations for sevelamer's failure to affect LPS levels and inflammation here include (1) ongoing HIV replication causing persistent intestinal damage; (2) minimally increased LPS levels in this relatively healthy population [10] ; (3) sevelamer administration without rather than with food; (4) proinflammatory effects of other microbial products, HIV, and coinfecting pathogens; (5) absence of underlying hyperphosphatemia, a driver of inflammation in renal insufficiency [5] ; and (6) type II error. Baseline LPS and sCD14 levels here were lower than we have previously reported in individuals with untreated HIV infection [11] . Whether sevelamer treatment would decrease microbial translocation and inflammation in cART recipients is unknown. Regardless, sevelamer may have beneficial cardiovascular effects, although interactions or overlapping toxicities with tenofovir and other antiretroviral drugs might limit its utility.
Sevelamer significantly decreased LDL and non-HDL cholesterol levels here, consistent with effects reported elsewhere [4, 6, 7] . The 20% decrease in LDL cholesterol levels here is comparable to findings in subjects undergoing hemodialysis and to the effects of statins in HIV-infected patients [12] . Sevelamer, like statins [8] , also decreased levels of oxLDL cholesterol and sTF. oxLDL cholesterol promotes the development of atherosclerotic lesions by inducing foam cell formation [8] , proinflammatory cell recruitment [13] , and TF expression on monocytes and other cells [8] . TF expression also increases on circulating monocytes in HIV infection and in acute coronary syndrome [14] . Thus, by decreasing levels of oxLDL cholesterol and sTF, sevelamer may reduce coagulation-associated cardiovascular disease. Decreasing the oxLDL cholesterol level should also lower the plasminogen activator inhibitor 1 level, thereby increasing fibrinolysis [15] . Thus, the increases in D-dimer level observed here, despite a reduced sTF level, may reflect sevelamer's impact on fibrinolysis. This hypothesis will be explored in future studies.
This study has several limitations. A modest treatment effect might have been missed because of the small sample size. The bioassay for LPS is technically challenging; serum proteins may inhibit accurate measurement, and alterations in serum lipids may interfere with interpretation of the results and obscure changes [2] . Nonetheless, we evaluated other markers of endotoxemia, and none reflected altered microbial translocation.
In summary, receipt of sevelamer therapy for 8 weeks did not decrease microbial translocation, inflammation, or immune activation in untreated individuals with early stage HIV disease. Sevelamer did, however, lower sTF and oxLDL cholesterol levels, which may have beneficial cardiovascular effects. Additional studies of the mechanism by which sevelamer affects coagulation and lipids are warranted.
